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Nature Evolved a

Fantastic Storage
Medium: DNA

Function/
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Extremely Dense
1 Exabyte in 1in3

Extremely Durable
100,000s of Years

DNA Molecules
for Digital Data
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Making Copies Is Nearly Free

Never Gets Obsolete
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Encoding Digital Data in DNA
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Encoding Digital Data in DNA

Repeated Letters Are Bad: Avoid Them with Clever Coding.



Synthetic DNA Sequences Have
Limited Length: Break It Up

P[Attach] = 99%

_G—G+T—G_04‘ .- 100 nts --- 200 nts

99% 98% 97% 96.1% 95.1% 94.2% 36.6% 13.4%



Breaking up Data into Chunks (~150nts)

CGAT GCAC TGCT GACG GCTA GCTC



Breaking up Data into Chunks (~150nts)

CGAT GCAC| AAAA
TGCT GACG | AAAC
GCTA GCTC | AAAG

Key Identifiers Addresses Key ldentifiers
("Primers") Within the File ("Primers") ’

~ 20 Bytes per DNA Strand. Many Strands per File.




Errors in Writing/Reading DNA

G G A T G C A
Q@ ®

Insertions

Deletions

0060 0Q
Substitutions — & —— G 4‘— T 4®7 c 4‘

Aggregate Error Rates ~1%



Key ldentifiers
(“primers”)

CGAT

TGCT
GCTA

Payload
Chunks

TCGC
TGCA

GCAC

GACG
GCTC

TACG
ATTC

Adding Redundant Information

AAAA

AAAC
AAAG

Addresses

Within the File

Key Identifiers
(“primers”)

CAAC
CAAG

Redundant Data in
Additional DNA
Strands. Many
Possibilities:
Parity, Reed
Solomon, LDPC, ...
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DNA Sequencing

g ‘_c_‘ c c T— GACACCT



Strands with
Desired Primer

ATGTT TGCT TACC AAAC CATGC

ATGTT GCCA GTTC ACAG CATCC <

ATGTT GGAT GCAC AAGA CATCC ’:"

ATGTT TGCT TACC CAAC CATCC ()

e’

ATGTT GCCA GTTC AAAG CATGC v ()

ATGTT GGAT GCAC AAGA CATCC V:Vv

ATGTT TGCT TACC CAAC CATCC

ATGTT GCCA GTTC AAAG CATCC >
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Sequencing Clustering
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Reassemble Error Error-Free
Data Correction Data
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~T100TB per spot
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Over 400MB, 5B+ Nucleotides,
Demonstrated Random Access.
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Transistors On Chip —— Reading DNA —— Writing DNA
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